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The effects of commonly used resuscitation fluids on whole
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Objectives: Evidence on the effect of crystalloid and colloid resuscitation fluids on coagulation is confusing,
with contradictory results from previous studies. This study was performed to test the effect on whole blood
coagulation of a range of resuscitation fluids in vitro using a single method at a single dilution.
Methods: Seven resuscitation fluids were tested in vitro at a dilution of 40%. Whole blood coagulation was
measured using a Sonoclot analyser.
Results: A crystalloid/colloid split of effect on coagulation in vitro was not seen. The time to clot formation
with Gelofusine, dextran and hydroxyethyl starch was a greatly increased, whereas saline and Haemaccel
had little effect, or were slightly procoagulant.
Conclusions: Some resuscitation fluids have a profound effect on coagulation. The confusion in the
literature may result from the effect on coagulation being both fluid and dilution dependent, with no simple
crystalloid/colloid split.

R
esuscitation fluids are commonly used to treat patients
with profuse haemorrhage, and are often given in large
volumes. Many different types of resuscitation fluid are

available, and there is ongoing controversy about the relative
merits of a colloid or a crystalloid resuscitation fluid.1–3

Coagulopathy often becomes a problem following large
volume fluid resuscitation for profuse haemorrhage. The
origin of this coagulopathy is multifactorial,4 and it is usually
assumed that resuscitation fluids contribute by cooling the
patient and diluting clotting factors. However, there may also
be a direct effect due to the interaction of the molecules
within the resuscitation fluid with the coagulation system.
This is less well known, as data on the direct effects of
crystalloid and colloid resuscitation fluids on coagulation are
limited and contradictory.

The literature in this area is heterogeneous. Different
comparisons between fluids have been used, at varying
dilutions. Several measures of coagulation have been
employed, which adds to the difficulty in the interpretation
of results. Crystalloids have usually been reported to enhance
coagulation5–8 or have no effect,9 whereas colloids have been
variously reported to impair coagulation,8–15 to give a weak
impairment of coagulation,16 17 to have no effect,18–21 or to
enhance coagulation.22 23 Most of the previous studies have
compared only two fluids, and no previous study has used a
single method to examine the whole range of commonly used
resuscitation fluids. The confusion in the literature has meant
that effects on coagulation are rarely considered either in the
colloid versus crystalloid debate or in the choice by the
emergency physician (EP) of a specific resuscitation fluid for
an individual patient.

Using whole blood coagulation analysis we have already
found that 0.9% saline has a procoagulant effect at lower
dilutions and an anticoagulant effect on higher dilutions, and
that Gelofusine has a marked anticoagulant effect.24 Across
the world there is considerable variation in the resuscitation
fluids used by EPs. If there is a direct effect of a resuscitation
fluid on coagulation, this might influence the choice of fluid
given in emergency care. This study set out to investigate the
in vitro effects on coagulation of a range of resuscitation
fluids used worldwide.

METHODS
Approval was obtained from the local research ethics
committee. The study was carried out in a teaching hospital
with a particular interest in trauma management.
Advertising posters and personal contacts obtained the
volunteers for the study. All volunteers gave their informed
consent.

Coagulation was evaluated using a coagulation and platelet
function analyser25 (Sonoclot; Scienco Inc., USA), a visco-
elastic test of whole blood coagulation closely related to
thromboelastography (TEG).26 27 The Sonoclot has been well
validated28 and measures the change in impedance created by
the developing blood clot as a small probe is vibrated at an
ultrasonic frequency in a coagulating blood sample29 at 37 C̊.
The parameters measured were: (a) the activated clotting
time (ACT), which is time to first fibrin formation, and
represents the initiation phase of clot formation, being
similar to the conventional coagulation screen; (b) the clot
rate (CR), which is the initial rate of increase in clot weight
and is a measure of the rate of fibrin formation; and (c) the
time to peak (TTP), which is the overall time taken for the
clot to form and achieve maximum clot weight. TTP was used
as the primary outcome variable, with sample sizes calculated
assuming a minimum clinically significant change of
300 seconds (derived from normal values30 31 and the use of
the Sonoclot in haemodialysis32), with a b value of 0.8 and an
a value of 0.05.

Blood was taken from a free flowing indwelling cannula
throughout, the first 5 ml withdrawn being discarded. The
standard Sonoclot technique using cellite activation cuvettes
was used, at a temperature of 37 C̊.33 Three whole blood
samples were obtained from 12 human volunteers, the three
samples being taken 20 minutes apart. Each sample was
divided into three aliquots, and aliquot was diluted to 40% by
addition of a resuscitation fluid, one aliquot being undiluted
as a control. A Sonoclot profile was immediately obtained,
with three Sonoclot analysers being run simultaneously. The
order of the different fluids was rotated with each new

Abbreviations: ACT, activated clotting time; CR, clot rate; ED,
emergency department; EP, emergency physician; TEG,
thromboelastography; TTP, time to peak
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volunteer to prevent machine bias. The fluids studied were
saline 0.9%, Hartmann’s solution, Gelofusine, Haemaccel,
dextran 40, hydroxyethyl starch (200/0.5), and albumin 4.5%.

The 40% dilution corresponds to that created by resuscita-
tion of a patient with grade IV haemorrhagic shock, and from
previous work this level of dilution was likely to reveal
differences between the resuscitation solutions.24 The hae-
matocrit of each solution was measured to check that the
desired dilution had been achieved, and the pH and platelet
numbers were measured.

For each sample the ACT, CR, and TTP were measured by
the Sonoclot analyser, and changes from control values were
calculated for each resuscitation solution.

RESULTS
The distribution of the differences between test and control
values for each resuscitation solution was assessed, and as all
were normally distributed, the data were presented as mean
and 95% confidence intervals. The percentage changes for
each coagulation parameter are shown in table 1.

The various resuscitation solutions had different effects on
the primary outcome measure of TTP (fig 1). There were also
differences in clot rate (fig 2) but in contrast there were no
differences (fig 3) in the ACT (analogous to the conventional
"coagulation screen").

There was no difference in the pH of the mixtures
compared with control blood, and the mean dilution
achieved, as measured by the haematocrit, was confirmed
to be 38.5%. There was also a 39% reduction in the number of
platelets in each mixture, as expected with a 40% dilution.

DISCUSSION
These results may point to why there is confusion in the
literature about the relative effects of colloid and crystalloid
resuscitation fluids on coagulation. Previous work has often
assumed that all crystolloids and all colloids have a similar
effect. Comparison of varying crystalloid/colloid pairs has
given a hetrogenicity that make the systematic reviews in this
area difficult to interpret.1 34–39 The present study may resolve
the apparently contradictory results of previous studies, as it
can now be seen that there is not a crystalloid/colloid split in
the effects of resuscitation fluids on coagulation. Solutions
that might have been expected to give similar results (such as
Gelofusine and Haemaccel) have very different effects on
coagulation. We have previously shown that the effect of a
particular solution also varies depending on the degree of
haemodilution.22 Given the current findings it is not
surprising that the previous literature gave apparently
contradictory results, as previous studies have compared a
variety of different solutions at a variety of different
dilutions.

Saline 0.9% is known to be procoagulant,6 which may be
due to a greater reduction in activity of anticoagulant factors
(such as antithrombin III)40 than procoagulant factors,41 with
little effect on platelets.42 Many previous studies have used
saline 0.9% as the control solution, which may give rise to
additional confusion in the interpretation of results, as the
"control" is in fact having its own effect on coagulation.

Table 1 Effects of resuscitation fluids on coagulation parameters expressed as
percentage change from control

Parameter Saline Hartmann’s Gelofusine Haemaccel Dextran HES Albumin

TTP 26% +62% +77% 219% +127% +114% +41%
CR 25% 224% 243% 213% 283% 263% 247%
ACT +12% 23% 21% 23% +36% +19% +2%

HES, hydroxyethyl starch; TTP, time to peak; CR, clot rate; ACT, activated clotting time.
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Figure 1 Change in time to peak clot strength between control and
each resuscitation fluid (mean and 95% CI).
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Figure 2 Change in clot rate (rate of fibrin formation) between control
and each resuscitation fluid (mean and 95% CI).
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Figure 3 Change in activated clotting time (analagous to activated
partial thromboplastin time) for each resuscitation fluid (mean and 95%
CI).
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From our results, commonly used colloid solutions
(Gelofusine in the UK and Europe, albumin in the USA
and Australia) give significant impairment of coagulation.
This might be a disadvantage in patients with hypovolaemia
due to uncontrolled bleeding. In a recent meta-analysis of
survival following colloid/crystalloid resuscitation, survival
seemed to be worse following the colloid resuscitation.39 This
effect is particularly seen in the subgroup of injured
patients,34 43 and could be coagulation related.

Our findings give some indication of the part of the
coagulation system that is being influenced by resuscitation
fluids. The ACT is a measure of the speed of initiation of
fibrin formation in the "plasma" phase of coagulation, and
seems to be little affected by resuscitation fluids. The rate of
fibrin formation in the evolving clot (measured by CR) is
somewhat affected; however the different resuscitation fluids
seemed to give greatest change in the TTP. This measure has
previously been related to platelet function, fibrinogen levels,
and the interaction between platelets and thrombin,44 and
represents the "cellular" phase of coagulation.

The cause of the difference between the effect of
Haemaccel and Gelofusine on coagulation is uncertain. The
most obvious difference between these fluids is the calcium
concentration,45 but this seems to account for only a small
effect.46 The molecules are similar, but Gelofusine has a much
higher negative charge. As highly negatively charged
phospholipids in the platelet wall play a pivotal role in
platelet activation and in the interaction of platelets with the
plasma coagulation cascades, this could be the site of the
interference with coagulation. Both Gelofusine and
Haemaccel are known to impair ristocetin induced platelet
aggregation, implying an interference with the Von
Willebrand/glycoprotein Ib interaction. Gelofusine had little
effect on platelet aggregation induced by other pathways,
whereas Haemaccel also showed significant inhibition of
platelet aggregation through the glycoprotein IIb/IIIa recep-
tor. A previous research letter has reported inhibition of
ristocetin induced platelet aggregation by Haemaccel,47 and in
patients undergoing elective orthopaedic surgery, platelet
aggregation seems to be inhibited by both Haemaccel and
Gelofusine.48

We do not yet know if the effects found are important in
patients. It was particularly interesting that there was little
change in the Sonoclot ACT (which measures the same
aspects of coagulation as the conventional coagulation
screen, the international normalised ratio and activated
partial thromboplastin time), but there was a large change
in TTP (which is not measured in the conventional coagula-
tion screen). This raises the possibility that clinicians are
missing an effect of resuscitation fluids on coagulation, as the
tests that are commonly available in clinical practice do not
measure the part of the coagulation process that is affected
by the resuscitation fluid. This could lead to the false
impression that coagulation is unaffected by fluid therapy.

The commonly used tests of coagulation stop at a relatively
early stage of clot formation (the end of the initiation phase,
corresponding to the creation of the first fibrin strands).
Many clinicians resuscitating the bleeding patient will be
unaware that the coagulation screen only assesses about 4%
of total thrombin generation,49 50 and that the conventional
coagulation screen does not evaluate the important cellular
part of the coagulation process.28

The later cellular or propagation phase is the time that
many pharmacological agents or blood abnormalities have
their most dramatic effect,49 so it is not surprising that the
TTP, which analyses the whole coagulation process, reveals
the greatest differences between resuscitation fluids.
Changing to a whole blood functional analysis (such as
TEG or Sonoclot) might allow clinicians to appreciate these

abnormalities. A realisation of the limitations of the
conventional coagulation screen in acute care has previously
led to this strategy being suggested in surgical haemor-
rhage28 51–53 and for procedures under heparinisation, such as
haemodialysis.32

The implication of these results for clinical management is
unclear, as the potential for adverse effects in patients has
not yet been investigated. The optimum timing, type, and
volume of resuscitation fluid has not yet been determined,54

and clinical studies are needed to establish whether the type
of resuscitation fluid can lead to increased bleeding.
However, the magnitude of the change in the whole blood
coagulation profile with a 40% dilution of blood with
Gelofusine is similar to that seen with heparinisation for
haemodialysis.32 In a patient with grade 4 shock, this order of
dilution would be created by the infusion of about 1500 ml of
Gelofusine. It would be unthinkable to heparinise a bleeding
hypovolaemic patient, yet such patients are routinely given a
volume of a fluid that produces an equivalent in vitro effect
on coagulation. Until in vivo evidence is obtained, we would
suggest that when large volume fluid resuscitation is required
for bleeding, clinicians should avoid prescribing the fluids
that give an in vitro impairment of coagulation.
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